Although a viral aetiology for rheumatoid arthritis has long been postulated (Norval and Marmion, 1976) , a direct search for viruses in the tissues has so far failed to detect a likely agent (Marmion and Mackay, 1978) . Nevertheless, the possibility remains that viruses persist in the cells in a form that has not yet been detected. Lymphoreticular cells are infected during the pathogenesis of many viral infections and are a plausible site of viral persistence. Cells infected with virus can become refractory to superinfection by another virus. It has been shown, for example, that the infection of human fibroblasts with cytomegalovirus induces interference to subsequent infection with a range of heterologous viruses such as Newcastle disease virus (Seto, 1969; Glasgow, 1974) . In addition lymphocytes from persons immunised with yellow fever virus become refractory to in vitro infection by the immunising virus (Wheelock and Edelmann, 1969) , whereas lymphocytes from nonimmune donors support the growth of this virus.
We have therefore sought evidence for a viral aetiology in the connective tissue diseases by measuring the growth of herpes simplex virus type 1 (HSV) in lymphocytes obtained from patients with such disorders. This virus invariably grows in cultured lymphocytes from normal donors, whereas blood lymphocytes from patients with a variety Accepted for publication 11 October 1978. Correspondence to Dr Denman. of connective tissue diseases commonly fail to support its growth (Denman et al., 1976) , a finding which might be attributable to interference by defective virus. In this study we have examined the fate of HSV in lymphocytes from inflammatory synovial effusions. We postulated that virus-infected lymphocytes might be localised to the site of persistent inflammation and that these cells would display interference to one or more test viruses.
Materials and methods

CLINICAL MATERIAL
Blood samples and synovial effusions from knee joints were obtained from patients with inflammatory arthritis, principally rheumatoid arthritis, but also with other disorders. Diagnoses were based on the criteria of the American Rheumatism Association (ARA Committee, 1958 Revision). Patients with acute, self-limited arthritis accompanying febrile illnesses which could not be diagnosed by clinical or laboratory criteria were classified as suffering from 'acute undiagnosed arthritis'. At the time of study these patients were untreated or receiving only nonsteroidal anti-inflammatory drugs. Patients with rheumatoid arthritis of less than or greater than 6 months' duration were regarded as suffering from 'early' or 'late' disease respectively. Control effusions were obtained from patients with mechanical knee injuries. Normal blood was obtained from healthy laboratory staff. 443
IMMUNOLOGICAL METHODS
Isolation of mononuclear cells. After aspiration, joint fluids were mixed with acid citrate dextrose solution to give a final concentration of 0-0018 g/ml dextrose and 0 002 g/ml citrate and incubated with 75 IU/ml of hyaluronidase (Fisons) for 30 min. The cells were washed in buffered salt solution (PBSA) before mononuclear cells were isolated. Blood samples were anticoagulated with 20 Lu/ml of preservativefree heparin. Mononuclear cells from both sources were obtained by density gradient separation on Ficoll/Triosil (Boyum, 1968) , washed twice and resuspended in RPMI 1640 medium, supplemented with 12 6 g/l bicarbonate, 5mM HEPES, 2 mM L-glutamine, 1000 fetal calf serum (FSC), and 50 g/ml gentamicin.
Isolation of granulocytes. Granulocytes were isolated from whole blood by dextran sedimentation, followed by Ficoll/Triosil density sedimentation of the leucocyte-rich supernatant and resuspension of the pelleted granulocytes. Effusion granulocytes were isolated on Ficoll/Triosil gradients without prior dextran treatment.
Mitogen stimulation. Suspensions of mononuclear cells at 106 cells/ml were stimulated with phytohaemagglutinin (PHA; Wellcome 'purified grade) at 0 * 8 ,ag/1 06 cells. The stimulation index was assessed by '4C-thymidine uptake over an 18-hour period 48 hours after mitogen stimulation (Janossy and Greaves, 1971) .
Autoradiography. Cytocentrifuge smears of lymphocytes labelled with 3H-thymidine were exposed to Kodak AR-10 stripping film for 14 days and stained with May-Grunwald-Giemsa. Labelled cells with 10 or more grains per cell were scored as a percentage of the total cell count. Differential counts. These were performed on cytocentrifuge preparations stained with MayGrunwald-Giemsa.
Cell viability. This was measured by 0a 1% trypan blue exclusion.
VIROLOGICAL METHODS
Virus stocks. The HFEM strain of herpes simplex virus type 1 (HSV) was propagated in primary chick embryo fibroblasts (Schmidt, 1969 (Zisman and Merigan, 1973) using primary chick embryo monolayers for HSV and V3 cells for VSV.
Results
HSV invariably grew in PHA-stimulated blood lymphocytes from normal donors, and infectively titres in cultures from normal individuals regularly exceeded 3 * 0 logs/ml by the third day of culture. A typical growth curve is illustrated in Fig. 1 (Grayzel and Beck, 1970) (Table 3 ). Infectivity assays showed that, at the standard multiplicity of infection (MOI) of 0 1, 80-90% of HSV was failed to support the growth of HSV (Table absorbed by both blood and joint lymphocytes ovial effusion lymphocytes from patients during the 2 h incubation period at 370C irrespective -ral other forms of inflammatory arthritis of enzyme treatment. However, neither form of non-permissive to HSV (Table 2) . Only 4 enzyme treatment enabled the effusion cells to ,ffusions contained sufficient numbers of support virus growth.
LYMPHOCYTE FUNCTION
Lymphocytes support HSV growth only after appropriate stimulation by mitogens or antigens (Nahmias et al., 1964) . Thus the failure of HSV to grow in synovial effusion lymphocytes might merely lymphocytes to enable virus growth in these cells to be analysed, but of these 4, 3 were permissive.
Several factors were examined which might have explained the failure of lymphocytes from rheumatoid synovial effusions to support the growth of HSV. reflect the defective response of these cells to PHA, resulting either from the nature of the lymp'hocytes attracted to the inflammatory site or frorn the inhibitory effects of the effusion fluid. Indeed, the response of rheumatoid synovial effusion lymphocytes is allegedly poor in comparison to that of blood lymphocytes. (Sheldon et al., 1974; Abrahamsen et al., 1978) . Accordingly a series of experiments were carried out to exclude these possibilities.
The response of lymphocytes isolated from normal blood and from rheumatoid synovial effusions to PHA was compared with respect both to 'blast' transformation and the ability of the stimulated cells to support virus growth. 'Blast' transformation was assessed by radiochemical and autoradiographical techniques. Judged by autoradiography PHA induced an increase in the percentage of lymphoblasts in cultures of synovial effusion lymphocytes, although this increase was smaller than that observed on PHA stimulation of blood lymphocytes (Table 4) . No correlation was found between 14C-thymidine incorporation and virus growth in blood or effusion cell cultures, and some cultures of effusion lymphocytes which gave a brisk proliferative response were nevertheless resistant to viral infection (Fig. 3) .
In order to exclude the inhibitory effects of the synovial fluid on lymphocyte function, and hence on virus growth, blood mononuclear cells from normal controls were incubated in rheumatoid synovial effusion fluid from which cells and large debris had been removed by centrifugation at 400 g for 10 min. The fluid was used at a final concentration of 20 % in RPMI growth media. In different experiments the lymphocytes were incubated with effusion fluid during the 18-hour period of PHA stimulation or for the whole period of PHA stimulation and subsequent virus infection assay. Although judged by 14C-thymidine uptake, the degree of stimulation produced by PHA was considerably Accordingly, blood mononuclear cells from a patient with rheumatoid arthritis and from a normal donor were diluted in varying proportions with granulocytes obtained either from normal blood or from the effusion of a patient with rheumatoid arthritis. Cell muxtures in which the percentage of blood lymphocytes exceeded 30% invariably supported virus growth (Fig. 4) , a figure which was exceeded in all starting preparations of effusion lymphocytes. Moreover, the same results were obtained whether the granulocytes were derived from the blood or from the synovial effusions.
Mixtures of viable blood lymphocytes and autologous actinomycin-D-treated lymphocytes which could not support virus growth were also permissive provided the percentage of viable cells exceeded this figure. Thus granulocyte contamination is unlikely to have accounted for the failure of synovial effusion lymphocytes to support the growth of HSV. The ability of rheumatoid synovial effusion lymphocytes to support the growth of viruses other than HSV was tested with vesicular stomatitis virus (VSV), since this virus invariably grows in PHAstimulated peripheral blood lymphocytes from normal donors and has been reported to grow in rheumatoid synovial effusion lymphocytes (Zisman Normal blood 5.12 5.4 (4*9-5*4) (5*3-5*6) RA effusion 09 3*5 (0-1*4) (3*2-3*9)
PFU=plaque forming units. 1 HSV and VSV titre estimated as in Table 3 . 2 Mean (and range) of 3 experiments. Lymphocytes from normal blood and RA effusions were stimulated with PHA and the cultures divided after 18 hours for infection with either HSV or VSV. et al., 1973) . VSV grew in lymphocytes from the latter source, although the titres were lower than those obtained in cultures of peripheral blood lymphocytes (Table 6 ).
Discussion
In this study we sought indirect evidence for a viral aetiology of rheumatoid arthritis. We postulated that lymphocytes that are persistently infected with virus, or that are mounting an immune response to a virus infection of other body tissues, will fail to support the growth of viruses for which these lymphocytes are normally permissive. Studies on patients with systemic connective tissue diseases showed that blood lymphocytes failed to support the growth of HSV, a virus which replicates in PHA-stimulated lymphocytes from normal donors (Denman et al., 1976) , indicating that this agent is a useful probe for detecting possible interference. Blood lymphocytes from patients with rheumatoid arthritis also support the growth of HSV in normal fashion, but we hypothesised that in this disease it would be necessary to examine lymphocytes from the affected site.
The results show that lymphocytes from rheumatoid synovial effusions were usually non-permissive for HSV. Lymphocytes from the effusions of patients with other forms of inflammatory arthritis also commonly failed to support the growth of this virus. However, synovial effusion lymphocytes from patients with noninflammatory joint disease supported the growth of HSV. Although these results were consistent with an interference phenomenon, several nonspecific factors were considered which might have produced the same results.
Virus entry into lymphocytes might have been blocked by factors in the inflammatory joint fluid, including components of the immune reaction such as immune complexes reactive with Fc or complement receptors. In addition hyaluronic acid is known to block the entry of rubella virus into susceptible cells (Grayzel et al., 1970) . However, enzyme treatment, which removed these components, did not enable synovial effusion lymphocytes to support HSV growth. Furthermore, irrespective of enzyme treatment virus absorbed as efficiently to these lymphocytes as it did to blood lymphocytes.
It was also possible that synovial effusion lymphocytes responded inadequately to PHA, either because the selected subpopulations of lymphocytes that migrate to the affected joint are impoverished in this respect or because residence in the effusion produces a similar result. The proliferative response to PHA, which is necessary for HSV growth (Nahmias et al., 1964) , was indeed less marked in cultures of effusion lymphocytes than in blood lymphocytes. However, there was no correlation between viral growth and the degree of stimulation, judged by 14C-thymidine incorporation, and some cultures which were markedly deficient in this respect supported viral growth efficiently.
The lymphokines in joint fluids (Statsny et al., 1975) might inhibit the growth of HSV in lymphocytes. In addition prostaglandins, produced by macrophages, may reduce PHA stimulation in inflammatory exudate lymphocytes (Markenson et al., 1977) . Since virus growth was not inhibited in normal blood lymphocytes exposed to joint fluid, these factors did not account for the results.
Furthermore, treating effusion lymphocytes with indomethacin, which blocks the effect of prostaglandins on PHA responsiveness of lymphocytes (Markenson et al., 1977) , did not alter the nonpermissiveness of effusion lymphocytes for HSV (unpublished observations).
Granulocytes might conceivably have interfered with virus growth in synovial effusion lymphocytes, but this possibility was excluded by the results of experiments in which effusion granulocytes, mixed with normal lymphocytes at concentrations regularly exceeded in all our experiments, failed to block HSV growth. These results indicate that the inability of lymphocytes from patients with inflammatory arthritis to support the growth of HSV is an intrinsic property of these lymphocytes and is not induced by the inflammatory process itself.
Since HSV was used routinely in these experiments we wanted to know whether the failure to replicate was specific for this virus or applied to other viruses. VSV was therefore used as a test of specificity, and, in agreement with a previous report , this virus was found to grow in effusion lymphocytes. This finding indicates that there is no fundamental defect in the metabolism of these cells which precludes the growth of all viruses. In addition it indicates that the failure of HSV to grow in synovial group.bmj.com on April 12, 2017 -Published by http://ard.bmj.com/ Downloaded from effusion lymphocytes shows some degree of selectivity, although too few viruses have been studied to allow a more definite statement.
The biological significance of these findings is considered in an accompanying paper. 
